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1 Introduction 
 
In recent years, the fast development and growth of computers’ calculation abilities have 
made it possible to introduce more accurate algorithms to calculate the effects needed 
to reproduce the correct look of a human skin. The implementations of the gathered data 
from physical skin vary in different programs and renderers, but the results show a 
promising present and future for the achievements in rendering photorealistic skin. 
 
Even though rendering and the shader setup are crucial parts when reaching for 
photorealistic results, in this thesis I focus on how to take into consideration different 
physiological aspects of real human skin in texturing phase while setting the goal to be 
the following; a photorealistic healthy Caucasian adult male’s natural skin for face region 
with neutral expression, rendered using Chaosgroup’s V-Ray 3.1 rendering engine and 
its shader “VRaySkinMtl” in Autodesk Maya 2016. And although the goal is a light 
Caucasian skin tone, I also cover the factors that create other skin tonalities so the reader 
can utilize the information to adjust the look of the textures for broader needs. 
 
First in this thesis I go through the physiology and anatomy of a real human skin. Then I 
cover the features that have the most visible influences on the appearance of the skin. 
In the last part I introduce the skin shader’s parameters, how they should be approached 
and how the physical features of the skin affect the needed textures and how they can 
be utilized. I do not cover the project file’s scene setup, due to the aim being in the 
texturing and in the comparison of physical and “virtual” skin. Nor will I go through the 
shader’s creation, because the choices for the parameters used for this work may not be 
suitable for the reader’s needs. Also I don’t take closely into account the countless effects 
that different external factors, such as makeup, or internal factors, such as diseases, 
would do to the characteristic features of natural human skin. I bring up the importance 
of hair and the value it adds when aiming to achieve a look of a realistic skin, but because 
of the needed methods to create hair in 3D graphics are far from texturing, an in-depth 
explanation of hair creation is left out. 
 
This thesis is aimed for readers who possess intermediate knowledge in 3D graphics 
and rendering techniques – previous knowledge in skin physiology or medical 
terminology are not required. 
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The resources that were used for this thesis were mainly medical learning materials and 
both studies and researches of human skin and its behaviour done by various 
professionals and universities. For Finnish speaking readers there is, in the appendices, 
a short list of translations from English to Finnish of some of the more uncommon words 
and terms used in this thesis, listed in their order of appearance in the text. 
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2 Terminology and Abbreviations 
 
SSS 
Sub-Surface Scattering. An effect in both real life and 3D graphics suggesting the 
scattering of light inside an object or beneath its surface. 
 
BRDF 
Bidirectional Reflectance Distribution Function. A quality of a material’s surface to 
function similarly in two directions – from where a light ray comes from and hits the 
surface and where it bounces, or reflects, to. This behaviour allows the light ray to be 
traced either from the light source to the camera or vice versa. 
 
BSSRDF 
Bidirectional Scattering Surface Reflectance Distribution Function. Equal to the BRDF 
above, but with additional allowance for light to penetrate and scatter beneath the 
surface. 
 
Fresnel 
A factor defining the amount of reflectance in different viewing angles of an object. 
 
IOR 
Index Of Reflection. When creating the Fresnel effect for a material, IOR value is being 
used to define the factor’s falloff towards the glancing angles of the object. IOR is also 
often used to refer to Index Of Refraction, which determines how much a light ray is 
being bent, or refracted, when encountering a transparent surface such as glass. In V-
Ray’s shaders (in the time of writing) Index Of Reflection is, by default, driven by the 
value of Index Of Refraction. 
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3 Visual effects of skin 
 
3.1 Sub-Surface Scattering 
 
The effect responsible for producing wax like materials and a sense of translucency in 
3D programs is called Sub-Surface Scattering, or SSS. Like the name reveals, with SSS 
the rendering engine calculates what happens to a light ray when it travels into the object, 
rather than reflecting away from its surface. Sub-Surface Scattering is rather a common 
effect for real life materials, and it is loosely said that all materials excluding metals have 
at least some level of SSS – however most of them being so subtle they are close to 
invisible to human eye. 
 
Sub-Surface Scattering gives an object a sense of volume. For instance a candle, which 
usually introduces a strong and easily recognisable SSS effect, appears as an object 
that clearly has some volume in it when being lit. Other easily detectable example of SSS 
would be, for example, when light penetrates a glass of milk, making the milk look blurry 
and eerie. In Figure 1 we can see two situations where SSS effect can be seen. When 
observing the figure it should be taken into consideration that the photographed objects 
differ very little in size, but one is being lit only by a single weak light source (candle’s 
own flame) and the other by a studio spot light. Notice the differences in the distance the 
light travels inside both materials. 
 
 
Figure 1: Two examples of SSS effect in real life; a lit candle and a glass of milk under a strong light source. 
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Skin by its nature is also a scattering material. Different areas in human body give the 
skin different qualities and thicknesses, which amongst other factors play a big role 
defining how the SSS effect ends up showing. The thinner the part is the more easily 
light can make its way through, and the thicker the part is the more likely the light gets 
absorbed. 
 
There are also various factors that influence the light while it’s being scattered inside the 
skin. For instance blood vessels, muscles, bones and numerous types of other tissues 
can tint, weaken or even prevent the light from travelling further. And all these introduce 
factors that affect the final appearance of the skin. 
 
In this thesis SSS plays a big role and I will approach Sub-Surface Scattering from 
various aspects. The key is to find the balance for the different SSS layers in the shader 
to work together so that the result resembles real skin on photorealistic level. 
 
3.2 Reflectance 
 
All materials reflect a portion of incoming light away from the surface, and each material 
has a specific measureable value on how much of the light is being treated this way. Skin 
is no exception – a small percentage of incoming light never make its way to interact with 
the skin because it is immediately being reflected away. This can be easily noticed as 
brighter areas, or highlights, on skin. Also the shape of the reflection plays a crucial role. 
The smoother the surface, the sharper the reflection is. On rough surfaces the effect is 
the opposite; reflections get blurred out. 
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4 Anatomy and appearance of skin 
 
4.1 Physiology 
 
Skin is the most external and visible tissue in human body. By its average size of 1,5–
2,0 m² and amount of approximately 5% of adult’s body mass it is also the biggest 
individual organ. The thickness of skin depends on the area where it is located, but 
without the under most layer, subcutis, the average thickness differs between 1-4 mm. 
(Hiltunen et al. 2010, 476.) 
 
Skin has various functions. It is in a key role working as a protective layer against harmful 
and lethal factors, such as impacts, UV-light, bacteria and viruses. On the other hand, it 
works as a storage for blood and fat. Skin also has a major role in body’s 
thermoregulation via blood flow and sweating and it is in skin where body produces most 
of the vital vitamin D. Through the neural endings skin also offers brain the ability to 
sense, for example pressure and heat. (Hiltunen et al. 2010, 475.) And although skin has 
the ability to repair itself, bruises, wounds and scratches have a tendency to leave a 
mark, even after a full recovery (Igarashi et al. 2005, 4). 
 
4.1.1 Layers 
 
Skin has a layered structure. Light’s ability to penetrate the layers of skin varies a lot, 
which is caused by the structure, density and thickness of the layers (Igarashi et al. 2005, 
13.). 
 
The topmost layer of skin, stratum corneum, is composed of dead cells from the 
epidermis below. The layer is very thin but thickens if continuous stress is applied. 
(Hiltunen et al. 2010, 476-478.) Stratum corneum is also very transparent and therefore 
it doesn’t absorb light well – the incoming light gets through easily (Donner et al. 2006, 
3). 
 
The layer below, epidermis, is constantly discarding dead cellular content to stratum 
corneum by renewing itself. Epidermis doesn’t contain blood vessels and its thickness 
varies from 0,05 mm to 0,20 mm. Also epidermis is often held the actual topmost layer 
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of skin, because of the fact that stratum corneum is composed solely of the dead cells 
from epidermis. (Hiltunen et al. 2010, 476.) And it is epidermis which contains most of 
the skin’s melanin (Donner et al. 2006, 3). Therefore epidermis is responsible for toning 
the skin either light or dark and causing the effect of tanning when skin is exposed to the 
sunlight. 
 
Dermis is a layer with a dense network of blood vessels. It’s thickness varies between 
0,5-1,5 mm and it is mostly made of connective tissue, which has a great importance on 
enhancing the skin’s mechanical endurance. (Hiltunen et al. 2010, 476.) Because of the 
high number of blood vessels, dermis appears red and tints the skin slightly reddish. 
 
The under most layer of the skin, subcutis, has the greatest volumetric variation of all the 
layers. It is formed of loose connective tissue and adipose tissue and it can be found in 
many different thicknesses. Even though in many parts it tends to be thin, the thickness 
of subcutis can normally differ from 2 mm up to 100 mm. The thicker the subcutis gets 
the more rare it is, but especially overweight people can have subcutis as thick as 10 cm 
on their abdominal and pelvis regions. (Hiltunen et al. 2010, 476.) 
 
4.1.2 Detail levels 
 
Macro scale is used to refer to the largest visible scale in which the skin can be separated 
– the different parts and areas of the body. The appearance of skin depends greatly on 
where the observed area is located. For example stress, varying sensitivity to become 
oily and the structure of the skin have an impact on the seen appearance. (Igarashi et 
al. 2005, 8.) 
 
Meso scale contains the first small, yet easily visible detail level – it looks at the skin as 
a whole and the single features of skin; freckles, moles, wrinkles, pores, scars and 
diseases for example. (Igarashi et al. 2005, 7.) Therefore, the meso scale is the most 
referenced detail level when observing and creating small details on a skin for a 3D 
model. 
 
Micro scale holds the smallest level of detail in human skin, for instance the cellular levels 
and the layers of the skin. In this scale nothing is visible to the naked eye. The most 
recognisable effects on micro scale are the scattering and absorbance of light, which 
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happen on a cellular level. Different parts, such as cell membranes and the walls of blood 
vessels, work as strong actors that cause the light to be scattered and reflected. (Igarashi 
et al. 2005, 5). In micro scale, other factors besides the skin’s layers cannot be accessed 
by 3D programs (by the time of writing), and thus the overall effects of this scale need to 
be looked at and handled on a more unified level, these effects can be furthermore driven 
with various procedurally and manually created actors. 
 
4.1.3 Chromophores 
 
The color of skin is determined by chromophores, the coloring parts of individual 
molecules, in different layers of the skin. The most influential chromophores are 
oxygenated and deoxygenated haemoglobin and melanin. (Donner et al. 2006, 2.) Both 
haemoglobin and melanin absorb light on visible wavelengths and thus affect the 
perceived color (Igarashi et al. 2005, 13). 
 
Haemoglobin gives skin its reddish appearance. The less skin has haemoglobin the paler 
and more translucent it looks, and the more haemoglobin it has the more pink and purple 
it starts to turns into. However, an increased amount of haemoglobin doesn’t make the 
skin look sunburned, as the increase only happens in the deeper layer of the skin, dermis, 
rather than in epidermis. (Donner & Wann Jensen. 2006, 5.) 
 
Melanin is skin’s dark coloring ingredient and responsible for protecting the skin from the 
light’s harmful UV spectrum – it prevents the skin from burning under sunlight (Hiltunen 
et al. 2010, 478-479). The color of melanin varies from light yellow to dark brown and 
black. Melanin is categorized in two; the light pheomelanin and the dark eumelanin. The 
balance of the two determines the “darkness” of the skin. Pheomelanin turns the skin 
more yellowish, while eumelanin makes the skin darker and browner. (Donner et al. 
2006, 2.) Melanin is produced by melanocytes in the dermis, from where the melanin 
moves into other cells and hair, providing the color and therefore also the protection. The 
amount of melanocytes and the balance of pheomelanin and eumelanin is inherited from 
parents and differs on individual level. (Hiltunen et al. 2010, 479.) 
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Figure 2: A chart showing the effect on skin’s perceived color caused by the differences in the relations of 
melanin and haemoglobin. Cm = melanin amount, Ch = haemoglobin amount, βm = melanin blend factor. 
(Donner & Wann Jensen 2006, 6.) 
 
4.1.4 Glands 
 
The glands of the skin are from the epidermis. They are categorized in sebaceous glands 
and sweat glands, which are usually further separated into small and large sweat glands. 
The small sweat glands take a crucial part in the body’s heat regulation system by 
producing sweat, which finally ends up on top of the skin and can form a layer affecting 
the skin’s visual appearance. On the other hand, the large sweat glands do not produce 
“regular sweat” equal to the sweat the small glands produce. The large glands exude 
secretion with strong odour, responsible for defining the person’s own specific scent. 
Large glands are largely located in the face and armpits. (Hiltunen et al. 2010, 476-477.) 
 
Sebaceous glands differ from the sweat glands – their main job is to produce sebum. 
Sebum is important for healthy skin because it works as a lubricant for the skin, keeping 
it flexible and water resistant. The face and back are the areas with the greatest density 
of sebaceous glands. In contrary, palms and soles contain no sebaceous glands at all. 
These glands mostly open to the base of a hair follicle. (Hiltunen et al. 2010, 477.) 
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4.2 Reflectance types 
 
Surface reflectance plays a big role in skin’s appearance. Approximately 6% of the light’s 
whole spectrum is reflected immediately off of the surface of the skin – this is due to the 
oily layer produced on top of the skin. In other words, 6% of the incoming light is reflected 
back without any change to the light’s color. This can be visually reproduced with glossy 
specular reflection on the model. Although being glossy, the reflection is not a “mirror 
like” reflection - the microscopic roughness of the skin’s surface breaks the reflection. 
(d’Eon & Luebke. 2007.) If no reflectance or reflected highlights are seen on skin, the 
skin appears diffused and dry, and if the opposite, the skin tends to appear extremely 
oily or wet, depending on what is causing it. 
 
 
Figure 3: A visualization on how the microscopic irregularities in skin affect the surface reflectance. (NVIDIA 
GPU Gems 3 chapter 14) 
 
 
Although a small amount of the incoming light is being immediately reflected away, a far 
larger amount make its way through the oily film and into the skin’s layers. When 
interacting with the different layers beneath the surface, the light again faces micro scale 
obstacles that scatter and reflect it. This sub-surface reflectance happens on multiple 
levels and introduces visible effects to the light – individual layers in skin absorb and 
scatter light differently and thus colorize the light, giving the outgoing light we receive its 
distinctive color and soft impression. (d’Eon & Luebke. 2007.) 
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Figure 4: Arrows illustrating the incoming light ray’s scattering inside skin and the behaviour of sub-surface 
reflectance. (NVIDIA GPU Gems 3 chapter 14) 
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4.3 Diffusion Profile 
 
Diffusion profile of skin determines how far the different wavelengths of light travel from 
the point the light hits the skin. For example, when a certain point of skin is exposed to 
white light, it can be measured how far each wavelength make before facing a complete 
absorption. It should be taken into consideration that light diffuses rather quickly when it 
ends up inside the skin. (d’Eon & Luebke. 2007.) In Figure 5 we can see two images 
demonstrating the diffusion profile; (a) shows how red wavelengths travel distinguishably 
the farthest inside the skin from the point that was lit with white light, (b) illustrates how 
the red, green and blue wavelengths get reflected after measured distances from the 
light’s hitting point. In both (a) and (b) we can clearly see how by far the red wavelength 
outtakes the green and blue. And because the red wavelengths travel, or scatter, the 
farthest inside the skin, it is red color that tints the skin. 
 
 
Figure 5: (a) An illustration showing how far the light travels in skin from a small hitting point. (b) A graph 
separating red, green and blue components of light and illustrating the distance they travel inside skin. 
(NVIDIA GPU Gems 3 chapter 14) 
 
4.4 Factors of appearance (internal) 
 
This chapter focuses on a few distinctive factors of the skin’s appearance that are caused 
internally by the body. Many of the introduced factors cannot be consciously controlled 
by the person itself, therefore they can individually be either rare, occasional or frequent. 
In most internal factors body is responsible for producing a certain substance, for 
example oil or sweat, that works as an actor on changing the perceived appearance of 
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the skin. The paragraphs in this chapter cover the following topics in respective order: 
tan, expressions, emotional changes, sweat, sebum and age. 
 
Tan. When speaking of tanning, color could also be thought as an external factor due to 
the reason that the UV-light from the sun is the original cause for it. But it ought to be 
noted that the coloring, or tanning, happens internally by melanin produced in the dermis. 
 
Expressions can change the skin’s color quite rapidly, especially extreme expressions, 
such as heavy crying or loud screaming. They can, by the use of the muscles of the face, 
change the blood flow to specific parts of the face (Weyrich et. al. 2006, 11). An increase 
in blood flow can make some parts of the face more reddish but, on the other hand, a 
decrease in blood flow can simultaneously lighten the skin on other areas. Expressions 
also tend to introduce distinctive momentary wrinkles and creases on facial region. It 
should also be noted that intense facial expressions can cause momentary changes on 
physical appearance as well, such as bulging veins etc. 
 
Emotional changes. Although often the strongest emotions come across as expressions, 
more subtle variations can happen, for example blushing. In blushing the blood flow in 
the skin increases and tints the skin heavily reddish, most often locally. The extent of 
blush is of course is highly individual – some experience blushing only on cheeks, while 
others may get their whole face and neck turned crimson. On the other hand 
nervousness, for instance, can occur as sweating on facial region, making the skin 
appear glossy and wet. 
 
Sweat, produced by the sweat glands, works as a reflective glossy layer on top of the 
skin. Especially when a person is sweating heavily this effect can be clearly noticed. 
Because the level of sweating can simultaneously vary on different areas of the body, 
the level of the effect is rarely uniform. 
 
Oily sebum, produced by the sebaceous glands, is essential for the skin’s natural 
appearance. It introduces one of the most visible features in human skin – reflections. 
Oil is responsible mostly for the surface reflectance because of the thin film it creates on 
top of the skin. The greater the oiliness is the more reflective the skin appears. But if skin 
contains no oil at all, the skin starts to look lifeless and diffused. On the other hand, if 
skin contains too much oil, the oil affects the incoming light so much that the color of the 
   15 
 
  
skin gets overly desaturated. (Donner & Wann Jensen. 2006, 6.) The production of 
sebum varies greatly on individual level, and when the production is heavy, it can cause 
the skin to look “oily” or “greasy”. In normal state the skin is covered by a thin oily film 
caused by the skin surface lipids (Igarashi et al. 2005, 18). The film’s feature to reflect 
light gives skin its characteristic specular highlights. 
 
Naturally the oiliness of skin varies greatly in different areas of the skin. The level of 
oiliness is individual and it also changes during day, either by the skin’s own oil 
production or by the person’s actions. (Igarashi et al. 2005, 18.) For example washing 
the skin can remove the oily layer almost completely, which again leads the skin to look 
matte and diffused. 
 
The intensity and the shape of the skin’s specular highlights are often underestimated. 
Especially on the forehead wrinkles, pores and crevices have a great impact on the 
shape of the specular highlights. (Weyrich et al. 2006, 7.) In Table 1 in next page we can 
see measured reflectance data from different facial areas. Even though the values might 
not be directly transferrable to the use of the chosen renderer, the table gives valuable 
information on what relation the different facial areas are on one to another in regard of 
reflectance. This information can be utilized e.g. when texturing various reflectance maps 
such as specular and glossiness maps. 
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Area Specular amount Roughness amount 
Forehead 0,27 0,269 
Eyebrows 0,29 0,274 
Eyelids (upper) 0,29 0,262 
Nose 0,305 0,234 
Zygomatic bones 0,23 0,27 
Mouth’s surroundings (upper) 0,25 0,304 
Lips 0,29 0,285 
Mouth’s surroundings (lower) 0,205 0,28 
Chin 0,23 0,287 
Table 1: A table showing the mean values of specular and roughness amounts on facial area. The mean 
values are based on measured data from the Figure 15 in page 9 in the paper Analysis of Human Faces 
using a Measurement-Based Skin Reflectance Model by Weyrich et al. 2006 
 
When observing Table 1 the areas with the highest and therefore most visible specular 
highlights can clearly be separated – nose, eyebrows, eyelids, lips and forehead. It can 
also be noticed that with the value of 0,234 the nose has the lowest roughness amount, 
making the nose to obtain the glossiest specular reflections in the facial region. This is 
due to the fact that the nose contains very few small grooves on its surface and it has 
relatively high secretion of sebum (Weyrich et al. 2006, 9). The utilization of these values 
can be seen in Figures 16 and 17 in chapter 5.5 – the values listed in Table 1 were not 
transferred directly into greyscale values, but used as referential values to maintain the 
correct differences between facial regions. 
 
The lips’ area should be approached with care when creating reflectance maps. As 
opposed to other facial areas, the lips are formed of smooth hairless skin and the 
difference compared to the surrounding areas in both specular and roughness amounts 
are big. Also epidermis in lips’ area is very thin and almost transparent. On the other 
hand the dermis and its blood vessels are very near the surface – this causes the red 
color in lips to be more evident compared to the surrounding areas. Above all, the dermis 
of the lips is highly folded, which breaks the reflections. (Weyrich et al. 2006, 9.) 
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Age. Along with other factors, also age affects the appearance of skin. When compared 
to the skin of a young person elderly skin is less flexible and durable. (Igarashi et al. 
2005, 4). Through experience and time aging also tends to introduce other more frequent 
and visible factors that have their impact on the skin’s appearance, such as wrinkles, 
scars and changes caused by possible illnesses. There are no rules on how to take these 
into consideration when texturing skin, due to the fact that the possible combinations and 
variations are practically limitless. 
 
Age also has a great impact on the “oiliness”, or the sebum secretion, of the skin. The 
secretion starts to decrease before the age of thirty and around the age of fifty the level 
of secretion equals of a ten year old’s. (Igarashi et al. 2005, 18.) 
 
4.5 Factors of appearance (external) 
 
In contrary to internal factors, external factors are caused by something else than the 
skin or the body itself. These factors necessarily don’t change their appearance from 
state to state as rapidly or as widely as the internal factors do, but more often they have 
locally a more visible effect. The origins of external factors also tend to be non-consistent 
or caused on purpose – for example dirt, makeup or tattoos. The paragraphs in this 
chapter cover the following topics in respective order: moles, scars, wrinkles, hair and 
dirt. 
 
Moles. Very distinctive and common meso scale features, moles, can be mostly 
represented as a painted spot on a texture level, without the need to give volume via 
displacement (Igarashi et al. 2005, 7). Also freckles fall into this category and can be 
approached in similar fashion. However, some moles may require details on physical 
level as well and need to be created for example in a sculpting program of one’s choice. 
This approach is especially important if the created 3D model should resemble a real 
person – actor etc. 
 
Scars introduce a unique factor to the appearance. They are unpredictable both in 
location and look. When the wound, before the scar, is often a rapid change in the look 
of the skin, the following scab and finally the scar are slower in formation and tend to 
stay longer on skin – even for the rest of the life. So scars may need to be taken into 
consideration both when creating physical details and texturing. 
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Wrinkles are folded skin. They vary in depth, width, density and size and the variation is 
great in different areas of the body. And because wrinkles and grooves change the actual 
form and the direction of the surface, they have a visible impact especially on the 
perceived reflections on the skin. (Igarashi et al. 2005, 9.) 
 
If compared to moles and freckles, which normally have two-dimensional features, 
wrinkles tend to offset the skin’s surface in three-dimensional ways (Igarashi et al. 2005, 
19). And because wrinkles do not have the tendency to be colorized differently than the 
surrounding skin, they need to be represented three-dimensionally, i.e. with normal map, 
bump map, displacement map or by the 3D model’s geometry itself. 
 
Wrinkles can be categorized in many ways. For example in shallow and deep wrinkles 
and secondly in expressive wrinkles and wrinkles caused by aging. Shallow wrinkles are 
most often caused by dehydration and formed in epidermis. Deep wrinkles on the other 
hand are usually caused by the lack of elasticity components in the dermis. Expressive 
wrinkles are often momentary and resulted after expressions in the face. (Igarashi et al. 
2005, 20-21.) 
 
On the finest level the wrinkles can be further split into primary and secondary wrinkles 
according to their perceived size (Igarashi et al. 2005, 20). A skin with high density of 
fine wrinkles results more diffused reflections compared to a skin with rougher density of 
fine wrinkles (Igarashi et al. 2005, 49).  
 
Hair has a strong tendency to act as a light’s refractor and reflector on skin. Most of the 
skin’s area is covered with at least some type of hair – only palms and soles are 
completely bare. And like skin, also hair’s color is determined by the amount of 
eumelanin and pheomelanin it contains. Therefore, pale white hair contains no melanin 
at all. (Igarashi et al. 2005, 17.) 
 
Hair can be separated in two categories, in hard and soft hair. Hard hair, which for 
example includes the hair on top of the head, eyelashes and eyebrows, are the most 
apparent. The soft hair in contrary is often very short and in most cases barely visible, 
and it can be found on numerous places on body, such as on cheeks, forehead and 
arms. Overall the visible appearances of different hair types are extremely individual, 
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and therefore they can play a dramatic role on the overall appearance. (Igarashi et al. 
2005, 17-18.) 
 
A fine layer of microscopic hair on top of the skin also gives its own characteristic feature 
to the skin’s appearance. The layer gives the skin its delicate velvet like surface. This 
feature is the most distinct on the glancing angles, where the hair covers more of the 
perceived area. (Weyrich et al. 2006, 10-11.) 
 
Dirt, depending on the source and the placement, can have countless effects on the 
appearance of the skin. Whether it’s wet mud, dry sand or anything in between, dirt 
inherits its appearance from the substance itself. The only mutual aspect is that the dirt 
always covers the skin, replacing either fully or partially the perceived appearance of the 
affected area. 
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5 Practical implementation 
 
5.1 Introduction 
 
In this section I utilize the physiological aspects and features of the physical skin and 
apply them to support the texturing choices for the required texture maps. I also go 
through the available texture slots in the V-Ray’s skin shader (VRaySkinMtl) and focus 
individually on how they ought to be approached and how they affect the final result. The 
texture sub-sections are also illustrated with relevant visualizations and renderings. 
 
The basic structure of the project’s scene in Autodesk Maya is simple – it consists three 
V-Ray area lights and a camera with V-Ray physical camera attributes added to it. The 
environment is left solid black, so that it won’t interfere the scene with any unwanted 
additional lighting or colouring. 
 
 
Figure 6: A screenshot of the project’s scene in Autodesk Maya 2016. 
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5.2 Challenges  
 
When aiming for a rendered skin material that is visually inseparable from skin in real 
life, multiple challenges occur. One of the major challenges is the great amount of detail 
the skin has. Also the exact amount of SSS effect is crucial – the absence of Sub-Surface 
Scattering would result the skin looking dry and harsh. The SSS must only be introduced 
slightly, yet enough, so that it is apparent but not overwhelming. Human eye is extremely 
delicate when it comes to noticing even the slightest variations in human skin, especially 
in the face region (d’Eon & Luebke 2007). The first glance at someone’s skin can tell if 
the person is for example ill, exhausted or dead. Even the smallest variations in the skin’s 
color can make a huge difference – too pale and the skin seems lifeless, too red and the 
skin loses its natural appearance. 
 
5.3 The 3D head model 
 
I created a 3D model of a human head to help to demonstrate the behaviours and the 
results of the implementations to the V-Ray shader. The head model was captured from 
an actual person using Artec Eva 3D Scanner, which gave a rough mesh with sufficient 
macro scale forms. The scanned raw mesh was then brought to ZBrush, where the 
needed skin details were sculpted in after retopologizing the model. Lastly the sculpted 
model was used to generate both a displacement map and normal map to later on 
reproduce the details on render time. All the following results and tests in this thesis are 
presented using this 3D model. 
 
In the second stage before rendering the model was dropped to its lowest suitable 
subdivision level and imported to The Foundry MARI 3.0 for texturing. In this case the 
selected subdivision level was the second lowest, because it offered enough polygons 
for a smooth mesh without being too dense and heavy to work with. Depending on the 
needed results, the textures were mainly painted either freely “by hand” or by using 
image projection method. 
 
As can be noticed in Figure 6, the scene also includes clothed shoulders. The shoulders 
were captured along with the head using Artec Eva 3D scanner, but was later on 
detached to be a separate object. And because the scanned model consists only 
triangular polygons, also the shoulders were automatically retopologized using ZBrush’s 
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ZRemesher. The resulting topology was sufficient for both models, due to the fact that 
for the purposes of this thesis none of the meshes would have to be deformed – although 
a topology based on quads was desired, because of its nature to work more predictably 
when subdivided for sculpting purposes and smoother geometry. The creation and 
shading of the shoulders’ model is not covered in this thesis and for the sake of clarity is 
left out from the visualizing images. 
 
 
Figure 7: Wireframe showing the base mesh of the used 3D head model (33 785 polygons). 
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Figure 8: The head model with sculpted details from different sides in ZBrush. 
 
 
Figure 9: A close up screenshot showing some of the sculpted details of the surface. 
 
 
5.4 The shader (VRaySkinMtl) 
 
V-Ray’s skin shader “VRaySkinMtl” is explicitly designed to simplify the skin creation 
process for artists. The shader is a result of multiple different layers, which are added 
together. The VRayFastSSS2 shader can also be used to create skin material, but 
compared to VRaySkinMtl its parameters are more generic and harder to control when 
creating photorealistic skin material. (Chaos Software Ltd. 2016.) 
   24 
 
  
 
Figure 10: V-Ray’s skin material “VRaySkinMtl” with default settings. 
 
5.5 Texture slots 
 
In this chapter I go through in detail the texture slots found inside VRaySkinMtl. The 
paragraphs cover the following topics in respective order: opacity, diffuse, shallow 
scattering, medium scattering, deep scattering, primary reflection, secondary reflection, 
normal map and displacement map. 
 
Opacity controls the transparency of an object or its parts. While 100% white (R:255, 
G:255, B:255) keeps everything opaque, black (R:0, G:0, B:0) represents full 
transparency – values in between create partial transparency. For example a mid-value 
grey (R:128, G:128, B:128) would make the object 50% transparent. In Figure 11 we can 
see a demonstration how simple procedural black and white checker map in the opacity 
texture slot results when rendered. 
 
   25 
 
  
 
Figure 11: The visualization (left) and result (right) when a black and white checker map is applied to the 
opacity texture slot. Black areas are rendered completely transparent. For the sake of realism, it is not likely 
that one would necessarily create see-through areas on skin. 
 
Diffuse. The section for diffuse offers two available parameters, the “Diffuse Color” and 
“Diffuse Amount”. Diffuse Color determines the color for the diffuse layer and can either 
be filled with a solid color or a texture map. Diffuse Amount on the other hand is a 
multiplier value, telling the renderer what contribution the diffuse color or map should 
have to the material. (Chaos Software Ltd. 2016.) When set to 0.0 the diffuse layer is not 
taken into consideration at render time, while 1.0 gives the full influence. This value can 
also be mapped, if for example varying contribution is desired. 
 
In VRaySkinMtl the diffuse map is the top most layer in the material’s “texture stack” – 
this means that at render time the diffuse map is the first to see and its colors get 
influenced by the SSS layers underneath it. When textured, the diffuse map should be 
painted with no shading information applied to it, in other words no shadows or highlights 
should be included in the map. In V-Ray the diffuse map has quite an impact on the final 
look of the skin. Though this kind of layer does not exist in real skin, the diffuse layer 
together with the upcoming shallow scattering layer can be used to represent the stratum 
corneum. I found out in most cases it is faster and easier to texture the diffuse layer with 
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more coloring than the stratum corneum would have in real skin – if left pale and dull like 
the real stratum corneum, the rendering easily results eerie and lacks details. 
 
Because of the importance of the diffuse map for reproducing the coloured details for the 
skin material, a high resolution diffuse map should always be used – if the map is too 
low in resolution, the smallest details may be lost due to the lack of information in the 
texture map. 
 
 
Figure 12: Diffuse texture map viewed flat shaded on the model. 
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The sub-surface scattering layers in VRaySkinMtl are categorized with the word 
“scattering” in the layer name, Shallow Scattering being the first. While the scattering 
layers are not named after the layers of the physical skin, their names suggest a certain 
depth hierarchy and therefore can be thought to match the corresponding layers of real 
skin. 
 
The three scattering layers – Shallow, Medium and Deep – are all constructed with the 
same parameters. “Color” is used to set the color for the scattering layer either by 
specified values or a texture map. Like in diffuse layer, “Amount” is a multiplier value and 
sets the contribution of the layer to the material. “Radius” is used to determine the 
distance in centimetres how far the light scatters within the scattering layer. (Chaos 
Software Ltd. 2016.) 
 
In the material used in this thesis I set a solid color (R:198, G:154, B:139) for the Shallow 
Scattering layer instead of a texture map. I noticed that the layer is heavily mixed with 
the Diffuse layer at render time, so a very light color with a slightly desaturated orange 
tint and small contribution introduced a proper amount of “waxiness” to the topmost layer. 
And because the stratum corneum is rather a transparent layer, the scattering factor of 
the layer is very small and therefore the Shallow Radius should be set to a low value – 
higher values quickly result as a noticeably blurred surface. 
 
Medium Scattering. Although the second layer in the skin is epidermis, I found the 
material’s second SSS-layer doesn’t fully represent the physiological qualities of real 
epidermis. Therefore, Medium Scattering layer in VRaySkinMtl should be considered 
somewhat as a mixture of epidermis with partial coloring from the dermis. 
 
In the texture slot for the Medium Scattering I used a painted texture map, seen on the 
model in Figure 13. The lighter values were painted to the areas of the face where bony 
areas of the skull are considerably closer to the surface – such as zygomatic bones 
above cheeks and supraorbital ridges above eyes. This imitates the fact that rather than 
travelling deep into the skin the light quickly hits the surface of a bone. The fleshier areas 
were painted with deeper and more saturated orange-red, giving more coloured SSS 
effect to the rendered result. After painting the different areas with acceptable colours, a 
procedural noise layer was used to break down the flatness of the texture map and 
introduce some variation. The variance in light’s ability to get through the skin in different 
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parts of the face could have also been introduced by mapping a specific texture map to 
the “Radius” slot. By taking the color changes caused by the absorption differences into 
consideration when painting the “Medium Color” texture map I was able to set a fixed 
value for the “Radius” and adjust it more easily without the need to redo any additional 
painting. 
 
 
Figure 13: Medium scatter texture map viewed flat shaded on the model. 
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The under most SSS layer, Deep Scattering, is responsible for the light’s farthest 
scattering qualities. It is also responsible for the back scattering effect, which is most 
visible on a head when an ear is lit from behind, making the ear appear translucent and 
bright red. 
 
Like Medium Scattering, Deep Scattering can also be thought as a mixture of epidermis 
and dermis – this time weight being on the dermis. The texturing process is equal to the 
previous, but for Deep Scattering the chosen color should be considerably more reddish 
due to the density of the blood vessels in the dermis. It is possible to even use the texture 
map used for the Medium Color as a basis for the Deep Color and only adjust the hue 
and saturation to get a sufficient result. 
 
 
Figure 14: Deep Scattering texture map viewed flat shaded on the model. 
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As we can see, the last two scattering layers are relatively ambiguous when it comes to 
detail. Therefore these maps can be sized down without the fear of losing crucial 
information – for example, in this thesis the size of both Medium Scattering and Deep 
Scattering texture maps were 1024x1024 pixels. With lower resolutions the high density 
noise created to give some natural variance to the texture map started to get blurry and 
unnoticeable. 
 
Both of the VRaySkinMtl’s reflection layers contain the same parameters. Reflection 
Color, as the name states, tells the renderer what colour the reflections are. The darker 
the value of the chosen colour is, the dimmer the resulted reflection becomes. The 
second parameter, Reflection Amount, tells the relative contribution of the reflection layer 
to the material (Chaos Software Ltd. 2016.) The Reflection Glossiness value sets the 
reflection’s level of “roughness”. Values under 1.000 start to introduce roughness to the 
reflections, increasing while the value decreases. The Reflection Subdivs “determines 
the number of samples used for computing glossy reflections from the reflection layer” 
(Chaos Software Ltd. 2016). The Reflection Fresnel checkbox determines whether or not 
the Fresnel effect will be taken into consideration when the reflections are calculated – 
this is checked by default. The last parameter, Reflection Fresnel IOR, sets the chosen 
value for the Fresnel effect. All of the mentioned parameters above, excluding the last 
three, can be driven using texture maps. 
 
One should think of skin’s reflectivity to be an addition of two actors – the reflectivity of 
the skin’s surface and the oily layer on top. And as we learned earlier, it is characteristic 
for the surface to have more diffused reflections compared to the glossy reflections 
caused by the oily layer. 
 
The skin’s surface reflections are calculated using the parameters of Primary Reflection 
in V-Ray’s skin material. This layer gets in touch with the remaining of the light that gets 
through the oily film. It might sound counterintuitive that the layer behind is the primary 
one, but it can be thought that it is the “basis”, or the first, in the reflective layers’ stack – 
hence being the primary one. 
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Figure 15: Primary Reflection Amount texture map viewed flat shaded on the model. 
 
For the parameters of the Primary Reflection only the Reflection Amount was mapped 
with a texture map, seen in Figure 15. The small darker details were painted to the map 
to mask out the crevices caused by the pores and the folds on the skin – the exported 
cavity map from ZBrush was used to darken the wanted areas. Otherwise the map was 
filled with a solid light grey (R:247, G:247, B:247). 
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Secondary Reflection. Compared to the Primary Reflection layer, I found this layer to 
have a somewhat greater impact for the final look, at least partially since the glossy 
reflections are visually more evident than the diffused reflections underneath. 
 
 
Figure 16: Secondary Reflection Amount texture map viewed flat shaded on the model. 
 
Excluding lips, a procedural high frequency noise was applied to the whole head to 
enhance the sense of extremely small details and imperfections in the skin (Figure 16). 
The noise was not matched with the sculpted pores or wrinkles in the geometry, but 
merely applied with a random seed as it is meant to just further break the skin’s 
reflections on a visual level. 
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Figure 17: Secondary reflection's glossiness amount texture map viewed flat shaded on the model. 
 
Both hand painted texture maps that are shown in Figure 16 and Figure 17 derive their 
information from Table 1 (Page 17). Even though the values from Table 1 couldn’t be 
transferred directly to these texture maps, they were used as a starting point. The more 
important aspect Table 1 offered was the regional differences in reflectivity and their 
relations to one another. For example, when knowing the most and least reflective areas 
of the face, the remaining value scale could then be used to paint other areas 
approximately with the right values. And after doing couple of test renders it is easy to 
adjust the painted texture map in preferred software. 
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Figure 18: A) Reflections disabled B) Normally reflective C) Overly reflective 
 
In Figure 18 we can see how the differences in the amount of reflectivity greatly affect 
the result. In A the absence of all reflectivity makes the skin appear as a dry chalk like 
material. In contrary the option C introduces an opposite effect with exaggerated 
reflectivity – this gives the skin the “greasy” look. The option B sets a baseline for the 
comparison with the amount of reflectivity used for the final image. 
 
Normal map introduces variation and detail to the surface by changing the imagined 
surface normal on pixel level using RGB values. Rather than looking for the polygons to 
calculate the facing of each polygon, the renderer instead gets the needed data from the 
normal map texture. The used normal map was generated from the highest and most 
detailed subdivision level in ZBrush. The same result would be achievable by using the 
actual sculpted model and its actual geometry, but in this case that would introduce 
unbearable polygon count for the viewport renderer – a total of 8,625 million polygons. 
By utilizing a normal map we can keep the model on lower subdivision levels without 
losing the needed micro detail of the skin. 
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Figure 19: Normal map texture map viewed flat shaded on the model. 
 
The importance of normal map raises especially when showing the variation on the skin’s 
surface. It affects both the form and the reflections seen by the camera and is responsible 
for creating uneven roughness to the skin. When compared to the version without a 
normal map, the skin looks too smooth and both the small details and reflections lack 
their characteristic “roughness”. This can be seen especially below and above the eye 
on the lit side in Figure 20. Also lips seem to get noticeably unrealistic surface, which 
makes them look like smooth glossy plastic rather than actual lips. 
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Figure 20: A comparison when the normal map is applied and not. The lack of details significantly affects 
the overall result. 
 
There is however one major issue if only normal map is decided to be used – the overall 
smoothness of the base mesh might cause unnatural results due to the reason that no 
offsetting is done for the geometry. This is most easily recognisable on the silhouette of 
the model, as also seen in Figure 20, for instance the silhouette of the cranium looks 
unrealistically round and smooth. 
 
Displacement Map. In contrary to the normal map’s method to tell the renderer the 
orientation of the surface points via a texture map, a displacement map offsets the actual 
geometry at render time to recreate the sculpted details. These two types of maps can 
also be used simultaneously to enhance one another’s effect.  
 
As displacement map is responsible for a great level of detail, along with the diffuse 
normal maps it should be kept as high resolution as possible. To reproduce the maximum 
amount of the sculpted detail, a displacement map size of 8192x8192 pixels were used 
in this thesis. The 8k resolution was in fact more than enough for the rendered image 
output, but the rest of the scene being simple the effect on render time wasn’t 
unreasonable and therefore was left at its default size. 
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Figure 21: Displacement map viewed flat shaded on the model. NOTICE: The generated map is a 32-bit 
floating point .EXR image that contains also negative values in needed areas – therefore the full range of 
values cannot be visualized. Values equal to and below 0 are presented as black. 
 
A displacement map was chosen to be the primary source for the details in this thesis. 
Yet again, it should be considered how needed the features the displacement map offers 
are. If, for instance, the created character or characters would be seen merely in the 
background or far away from the camera, the viewer would not probably be able to see 
the difference whether or not any displacement had applied to the model – however 
because of the way V-Ray’s displacement works, no displacement might occur for distant 
objects even if desired. 
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Figure 22: A scanned data showing the finest microgeometry detail in human skin, measured from five 
different areas on face from two subjects. Rows one and three (from top) shows the surface normals, rows 
two and four displacements. (Graham et al. Measurement-Based Synthesis of Facial Microgeometry 2013, 
4.) 
 
Additional detail can be added by introducing microgeometry detail for instance into 
displacement. In Figure 22 we can see measured data from real skin, showing different 
types of microscopic detail the skin consists of. As we can see, while maybe appearing 
as repetitive, the pattern isn’t consistent throughout the facial area – if seeking absolute 
realism in a render, this should be noted and taken into consideration. This level of detail 
and the choice whether or not to pursue it, however, greatly depends on the desired 
result. If your model is being viewed from a moderate distance, most of the time the 
microgeometry detail cannot be seen or is so delicate that its existence is irrelevant. And 
because this thesis being more about an overall look of a photorealistic result rather than 
a focused close up image, no microgeometry details were used. 
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5.6 Hair 
 
A hair system was generated to simulate the coating created by the uniform distribution 
of soft hair over the skin’s area. Even though the main goal in this thesis is to aim for 
photorealistic result via texturing, it is hard to ignore the hair layer as we learned the 
importance of soft hair to the skin’s appearance in chapter 4.5 Factors of appearance 
(external). The hair was created using Maya’s XGen to populate the surface area with 
simple hair strands. The shading for the hair was the done using VRay’s hair shader 
“VRayHair3Mtl” and the shader’s “Diffuse Color” and “Transparency” settings were 
adjusted to create highly translucent colourless hair material. 
 
 
 
Figure 23: A visualization of the generated soft hair layer over skin on a black shaded model of the head. 
Notice that the lips were left smooth and hairless. 
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Figure 24: A framed detail of right ear and cheek from Figure 20. 
 
As can be easily tell from both Figure 23 and Figure 24, hair covers relatively more of 
the viewed area near the glancing angles, thus being more apparent and affecting more 
to the skin’s appearance. This gives the skin its characteristic “velvet like” look. 
 
If, or when, no soft hair layer can be created for a model, an alternative approach can be 
used to mimic the effect. By mixing a lighter version of the diffuse texture map via a 
VRayFresnel node to the original texture map, a similar result can be achieved – just like 
the hairs in the figure above, the Fresnel node limits the effect to be visible only in the 
glancing angles. The mixing of the two texture map versions should be treated further 
though with procedurals or painted map to break the “flatness” the otherwise even 
Fresnel effect provides. The lighter the texture in the glancing angles becomes, the more 
it creates a sense of a densely populated soft hair layer. 
 
 
Figure 25: A node setup in Maya’s Hypershade for creating a "fake" soft hair layer. 
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The Figure 25 shows a way to mix the two textures together. The same diffuse map is 
connected for both Front and Side Color slots in VRayFresnel node, but before getting 
to the Side Color the texture map is first being mixed with a procedural noise (noise1) to 
slightly break down the colors and then adjusted to meet the wanted brightness in the 
remapHsv node. The VRayFresnel node’s output (Out Color) is eventually connected to 
the Diffuse Color slot in the used VRaySkinMtl. 
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6 Results 
 
 
Figure 26: The rendered result combining both the head model with its skin shader and the soft hair layer. 
 
In Figure 26 we can see the final result fully rendered, without any post-production. 
Especially the nostril’s outer edge and the top of the lips show the softness of the skin. 
Also the slightly brightened shadow just under the nose gives us the sense of how the 
incoming light partially bleeds through the skin, giving the skin its characteristic wax like 
feeling. 
 
The combination of the reflection layers is also present. The Primary Reflection’s broader 
diffused reflection leaves a portion of the right side of the face a bit desaturated, while 
the Secondary Reflection shows its presence via the specular highlights, also the most 
prominently reflecting the light from a large rectangular main light from the face’s right 
side. The specular highlights are the result of the few percent of the incoming light that 
get reflected away before hitting the actual surface of the skin. 
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The resulted image also shows the reason for the selected light rig. By leaving the left 
side of the face in darkness I was able to place a strong rim light behind the model – this 
not only gives an appealing “lit edge” to the model, but also shows effectively how, just 
like in real life, thinly formed areas like ears let the light to scatter through them. The 
stronger the light source, the greater the effect. 
 
The slight variation in the surface, again most apparent on the cranium’s silhouette, 
connives the choice of the usage of a displacement map for the primary source for 
creating skin’s details. This variation further helps to recreate the uneven nature of 
human forms. 
 
Lastly we can see how the soft hair layer works with the skin. On the light side of the 
face we can notice how the hair layer brightens the overall look of the skin in the glancing 
angles – this can be noticed especially right on the edges of the model and under the 
jaw line. On the other hand, in the dark side the hair layer is greatly responsible for 
catching the light from the rim light because of its translucent nature. The left side ear is 
again a very visual evidence of this effect with its uneven outer edge. 
 
Lastly, I tested the shader in different light setups (Figure 27). This was done using V-
Ray’s dome light that was then given the lighting information from different freely 
downloadable (at the time of writing) high dynamic range, or “HDR”, images. Only by 
testing the shader and its textures in various lighting environments it is possible to see if 
they work properly and are not tied only to the initial setup. 
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Figure 27: Renders of the head in different lighting scenarios created using spherical HDR images. 
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7 Conclusion 
 
 
Photorealistic skin is a combination of multiple factors. Because human eye is extremely 
accurate in seeing even the slightest abnormalities in skin, numerous actors count when 
trying to achieve photorealism via rendering. Besides the aspects covered in this thesis, 
a great weight should also be put to the importance of the used 3D model itself. For 
instance, if the underlying anatomy of the face is even a bit off, the brain tells the viewer 
there is something “strange” and reads it not to be photorealistic, even if the material was 
next to perfect. The same effect happens often when watching 3D animated cartoon 
movies – no matter how exquisite or spectacular the rendered result for the skin is, the 
characters’ unrealistic anatomy easily ruins the chased realism of the skin’s material for 
the viewer. 
 
Even though researches and studies can provide data and values for artists to replicate 
the properties of real world, it is the artist who tells if the result really works – let the final 
render to be either an image or a movie. Maybe the artist would feel that a more diffused 
skin would evoke better the feeling the scene requires, or that more sub-surface 
scattering is required for a specific shot to let proper amount of light through the ear. 
 
Methods to approach and recreate photorealistic skin also differ broadly. While doing 
research for this thesis, and even before that, I had read for example how some 
approaches categorized the skin’s characteristic features based mainly on the amount 
of melanin and haemoglobin in the skin, while in other methods the skin’s shader was 
separated into Red, Green and Blue channels at render time as if to mimic different areas 
of light’s spectrum – these channels were later on combined to a single RGB image. 
 
It should also be mentioned that most imagery, both filmed and computer generated we 
see nowadays on screen, are treated with at least some level of post-production. Various 
adjustments are used to tweak the final image to enhance a wanted feeling or to lead 
the viewer’s eye to a chosen section in the image. While this is mostly done within the 
tolerance of photorealism and the viewer might not register anything strange, it should 
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be stated that virtually never an image seen on a screen is shown as it was shot or 
rendered in the first place. 
 
 
On scientific field human anatomy and on computer graphics field photorealism have 
always intrigued me. Therefore, when thinking of a subject for the thesis, I wanted to set 
a goal that would require me to dive deep into both and somehow bring them to a collision 
course. Even from the beginning of this project I knew “photorealistic skin” would be an 
abyss compared to many other possible subjects, but I felt it had to be it – I couldn’t resist 
the great fascination it provided. 
 
I started by approaching the subject on one hand by studying researches and papers 
about analysing skin from scientific and medical point of view, and on the other hand 
learning how the required software (in this case V-Ray) and its shader worked. By the 
time I felt confident enough on having the needed knowledge on both areas, I then had 
to fuse it all together. First it felt like a “trial and error” approach, but eventually it all 
started to make sense and the connections started to feel natural and even obvious. 
After that, test renders and textures’ tweaks turned significantly faster and more efficient, 
which further helped me to iterate and move forward with the project. 
 
As far as the original goal being “a photorealistic healthy Caucasian adult male’s natural 
skin for face region with neutral expression”, I feel I managed to, with a few exceptions, 
achieve the needed quality rather well. In my opinion there could have been more color 
variance in the textures used in the shader, breaking the skin’s now slightly monotonic 
appearance. 
 
I found the workflow from the 3D scanning and working with the mesh to texturing and 
setting up the shader to be pleasantly straightforward without any major need to jump 
back and forth between the steps. Only the need to few times adjust normal and 
displacement maps required me to return to ZBrush to regenerate the maps, but as far 
as it comes to the coloured maps, all fine tuning was able to be done in Photoshop and 
in Maya – a useful node in Maya’s Hypershade, “remapHsv”, can be easily used to tweak 
different texture maps. This helped greatly since there was no need to simultaneously 
use multiple different programs and I was able to just focus on the needed few. 
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Resources and studies cover ever growing amount of topics regarding skin and its 
features, which lay excellent possibilities to continue from the results I achieved in this 
thesis. The next step would be for example to go even deeper into different facial regions 
and their construction, which could further help to define more detailed and correct 
texture maps for all the possible slots in the skin’s shader. Also, the used 3D model could 
benefit from greater detail, for example by setting a 1-to-1 match between the real head 
and the scanned data on microscopic level. 
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Appendices 
 
1. Rendered result including all assets in the scene 
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2. Translations (English to Finnish): 
 
a. Stratum corneum = marraskesi, sarveiskerros 
b. Epidermis  = orvaskesi, epidermi 
c. Dermis  = verinahka, korium 
d. Subcutis  = ihonalaiskudos, subkutis 
e. Gland  = rauhanen 
f. Sweat gland = hikirauhanen 
g. Sebaceous gland = talirauhanen 
h. Sebum  = tali 
i. Adipose tissue = rasvakudos 
j. Cell membrane = solukalvo 
k. Zygomatic bone = poskiluu 
l. Supraorbital ridge = kulmaluun kaari 
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3. The head model under different lighting scenarios 
 
Figure 28: Used HDRI: Stonewall_Ref.hdr (downloaded from https://www.hdri-
hub.com/hdrishop/freesamples/freehdri/item/70-hdr-stonewall) 
 
Figure 29: Used HDRI: WinterForest_Ref.hdr (downloaded from 
http://www.hdrlabs.com/sibl/archive/) 
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Figure 30: Used HDRI: 3DTotal_free_sample_2_Ref.hdr (downloaded from 
http://www.hdrlabs.com/sibl/archive/3dtotal.html) 
 
Figure 31: Used HDRI: HDR_Free_City_Night_Lights_Ref.hdr (downloaded from https://www.hdri-
hub.com/hdrishop/freesamples/freehdri/item/323-hdr-city-road-night-lights-free) 
 
 
 
 
